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THE IMPACT OF PHYSICAL ACTIVITY ON DEPRESSION DURING THE 
TRANSITION TO RETIREMENT 
 




Depression is a chronic mood disorder. It is commonly characterized by persistent 
feelings of sadness or hopelessness, but depression does not present the same in 
everyone. There are many pharmacological treatments such as antidepressants that are 
used to treat depression. Increasing research shows evidence to support non-




The overall goal of the current study is to evaluate the association of physical 
activity with prevalent depression and to determine whether these associations are 





 In this study, we utilized publicly available data from Framingham Offspring 
study participants who attended exams 5  (n=3181). Our primary analysis included 2,327 
participants who completed the Center for Epidemiological Studies Depression (CES-D) 
scale and self-reported physical activity. Our secondary analysis included only 
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participants who also attended exam 5. Physical activity was categorized dichotomously; 
walking 0-4 blocks was considered inactive, while 5-100 blocks was considered active. 
Adjusted mean depression scores and odds ratios were calculated for physical activity 
categories adjusted for age, sex, and BMI.  
Results  
 We reported that inactive individuals were relatively older, had a slightly higher 
median BMI, and were more often female. Active individuals exhibited a lower mean 
depression score than those individuals who are inactive after adjustments (15.6 ± 0.2 
versus 14.8 ± 0.1). Being active, was associated with a 27% lower odds of depression 
compared to being inactive (OR: 0.73; 95% CI: 0.60-0.88; p=0.0009). Among 
participants transitioning to retirement (at exam 6) from employment (at exam 5), active 
individuals had a 64% lower odds of depression than those inactive individuals (OR: 
0.36; CI: 0.19-0.70; p=0.002). In contrast, among participants who remained employed 
from exam 5 to exam 6, the association of physical activity with depression was 




Our findings indicate that being active is associated with decreased depression 
scores and lower odds of depression. This relationship appears to be especially strong in 
individuals transitioning to retirement. Future longitudinal studies are needed to further 









TABLE OF CONTENTS ................................................................................................. vii	
LIST OF TABLES ........................................................................................................... viii	
LIST OF FIGURES ............................................................................................................ ix	












LIST OF TABLES 
Table Title Page 
1 FOS Examinations 5 and 6 variables used in this study 14 
2 FOS Examinations 5 and 6 variables used in this study 17 
3 Baseline characteristics at FOS exam 6 among categories of 
physical activity 
24 
4 Baseline characteristic at FOS exam 6 participants among 
depressed and non-depressed individuals 
26 
5 Adjusted means of depression score across physical activity 
categories  
28 
6 Odds ratio for risk of depression across physical activity 
categories 
28 
7 Adjusted means of depression score across physical activity 
categories among men and women 
30 
8 Odds ratio for risk of depression across physical activity 
categories among men and women 
30 
9 Adjusted means of depression score across physical activity 
categories among categories of BMI. 
31 
10 Odds ratio for risk of depression across physical activity 
categories among categories of BMI 
32 
11 Adjusted means of depression score across physical activity 
categories among percent protein intake 
34 
12 Odds ratio for risk of depression across physical activity 
categories among percent protein intake 
34 
13 Baseline characteristic at FOS exam 6 among categories of 
occupation  
36 
14 Adjusted means of depression score across physical activity 
categories among categories of occupation 
38 
15 Odds ratio for risk of depression across physical activity 
categories among categories of occupation 
38 
16 Baseline characteristics at FOS exam 6 among categories of 
transitional occupation 
41 
17 Adjusted means of depression score across physical activity 
categories among categories of transitional occupation 
43 
18 Odds ratio for risk of depression across physical activity 






LIST OF FIGURES 
Figure Title Page 
1 Mechanisms and potential confounders between physical 
activity and depression. 
4 
2 Flow chart for the primary cross-sectional analysis of blocks 
walked with depression 
18 
3 Flow chart for the primary cross-sectional analysis of blocks 
walked and occupational status with depression 
19 
4 Flow chart for the secondary cross-sectional analysis of 







LIST OF ABBREVIATIONS 
 
AIDS ...................................................................... Acquired Immunodeficiency Syndrome 
BMI ............................................................................................................ Body Mass Index 
BU ............................................................................................................. Boston University 
CES-D ........................................................... Center for Epidemiologic Studies Depression 
CI ........................................................................................................... Confidence Interval 
CVD ................................................................................................. Cardiovascular Disease 
EPIC ............................................................. European Prospective Investigation of Cancer 
FOS ........................................................................................ Framingham Offspring Study 
HAM-D ......................................................... Hamilton Depression Rating Scale (HAM-D) 
HIV ................................................................................... Human Immunodeficiency Virus 
HPL ....................................................................................... Human Population Laboratory 
IQR ....................................................................................................... Interquartile Region 
KLoSA ........................................................................ Korean Longitudinal Study of Aging 
MAOI ................................................................................... Monoamine Oxidase Inhibitors 
NHANES III ................................... National Health and Nutrition Examination Survey III 
OR ........................................................................................................................ Odds Ratio 
PHQ-9 .............................................................................................. Patient Health Question 
PREDIMED .................................................................. Prevención con Dieta Mediterránea 
SR .......................................................................................................... Standard Reference 
SNRI ........................................................... Serotonin-Norepinephrine Reuptake Inhibitors 
SSRI ....................................................................... Selective Serotonin Reuptake Inhibitors 
 
 xi 
SR .......................................................................................................... Standard Reference 










Depression is a chronic mood disorder. The common illness is characterized by 
persistent feelings of sadness or hopelessness1. Individuals suffering from depression 
may experience a range of behavioral and physical symptoms including agitation, 
irritability, loss of interest in activities, and decreased energy1. Additionally, aches, pains 
and headaches can occur without a probable physical cause1. The World Health 
Organization estimates that globally, 264 million people suffer from depression2. 
Depressive symptoms do not present the same in everyone. Compared with men, 
women are more likely to be diagnosed with depression3-6. Because men do not recognize 
their symptoms, and thus do not seek help, they are diagnosed less frequently3. 
Regardless of sex, depressive symptoms can be individualistic7. Contrasted with young 
and middle-aged adults, the signs, and symptoms of older adults are less obvious because 
they are less likely to admit their feelings of sadness1,3. Older adults are likely to have an 
existing condition, such as cardiovascular disease (CVD), diabetes mellitus, human 
immunodeficiency virus/acquired immunodeficiency virus (HIV/AIDS), and Parkinson’s 
disease, that contribute to their depression1,3.  
There are many treatment options available for people living with depression. 
Pharmacological prescriptions are most common, but non-pharmacological options are 
increasing in popularity. Research shows that people receiving daily pharmaceutical 
antidepressant treatment experience improvements in their depression3. Common 
antidepressants classes include selective serotonin reuptake inhibitors (SSRIs), serotonin-
 
2 
norepinephrine reuptake inhibitors (SNRIs) monoamine oxidase inhibitors (MAOIs) and, 
tricyclic antidepressants (TCAs)3,8. 
Medications can be helpful in alleviating symptoms associated with depression; 
however, when taking prescription medication side effects can occur3. Common side 
effects include headache, nausea, agitation, and sexual dysfunction. A study cohort7 of 
40,017 patients estimated the prevalence of antidepressant related side effects among 
difference classes of antidepressants. The study results found that headaches and nausea 
were the most common side-effects associated with antidepressants7. 
Non-pharmacological treatments such as therapy, alternative medicine 
(acupuncture, herbal medicine and probiotics), and exercise have been shown to reduce 
the symptoms of depression without producing harmful side-effects8.  
 
Physical Activity and General Health Outcomes: 
According to the Second Edition Physical Activity Guidelines, physical activity 
can be defined as any movement produced by the skeletal muscle that increases energy 
expenditure above resting9. Exercise is a specific type of physical activity that is planned 
and performed to promote health9. Physical activity can be categorized by intensity. For 
example, energy expended can be considered light, moderated, or vigorous. Walking is 
considered a moderate intensity physical activity and was investigated in the current 
thesis study9. 
The 2018 Physical Activity Guidelines for Americans recommend a range of 150 
to 300 minutes of moderate-intensity (aerobic) activity per week to reduce the risk of 
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disease and adverse health outcomes9. Specific disease risks that can be reduced by 
performing the recommended physical activity level include type II diabetes mellitus, 
cancer, stroke, obesity and CVD9.  
 
Physical Activity and Depression 
Increasing research suggests that exercise can be an effective non-
pharmacological treatment for depression8,10-13. A Cochrane review investigated the 
relationship between exercise and depression10. A total of 39 clinical trials were included 
to determine whether exercise would be an effective depression treatment option for 
adults. Compared with no treatment and a control group, exercise had a beneficial effect 
on depression symptoms. Compared with pharmacological treatment and therapy, there 
was no difference. 
In one randomized controlled trial, 202 adults diagnosed with depression were 
assigned one of four groups including group exercise, home-based exercise, 
antidepressant medication (sertraline, 50-200 mg daily) or placebo control for 16-
weeks12. Depression was assessed using the Hamilton Depression Rating Scale (HAM-
D). Researchers found exercise was comparable to sertraline (anti-depressant) 
treatment12. Both treatments showed significant differences when compared to the 
placebo-controlled group.  
There are many hypotheses explaining potential mechanisms responsible for 
physical activity related improvements in depression. In a review, researchers assessed 
the mechanisms in which physical activity plays a non-pharmacological treatment role 
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for depression13. Mechanisms include neuroplasticity, neuroendocrine response, 
inflammation, oxidative stress, self-esteem, social support and self-efficacy13 (Figure 1). 
 
 
Figure 1. Mechanisms and potential confounders between physical activity and 
depression. Adapted from “Physical Activity and Depression: Towards understanding the 


















Structural changes in the hippocampus and frontal lobes of the brain occur as well 
as changes in grey matter can be characteristic of depression15. Evidence suggests that 
exercise may help to maintain hippocampal volume16 and white matter structures17. The 
pathology of depression in the brain may be partially facilitated through elevated 
inflammatory cytokines.  Studies show that individuals with depression have increased 
circulation of IL-618,19, C-reactive proteins (CRP)18,19, and pro-inflammatory 
adipokines19,20. Yet, with exercise, these levels decrease. In addition, social support and 
self-efficacy play a role in depression. Individuals with depression typically exhibit 
loneliness21 or a lack of social support22,23. Physical activity provides opportunity to 
socialize and gain support from peers; therefore, having a strong social support can be 
protective against depression24. Engaging in physical activity also provides individuals to 
increase their self-efficacy25. 
 
Retirement and Depression 
 
 Retirement is a critical period when both physical and mental health can change 
drastically. As individuals get older and retire from job related commitments, they 
disengage with their previous occupation-related social networks. Loss of social ties can 
lead to depression in older adults4. In a cohort of 2812 community-dwelling older adults 
(65 and older), participants were interviewed in order to determine the relationship 
between social disengagement and cognitive decline in older adults26. The results showed 
that those with five or six social ties, compared with those who had none, had an 
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increased odds of cognitive decline26. There may be specific lifestyle changes that may 
additionally contribute, such as diet and physical activity changes. 
 
Retirement and Physical Activity 
Retirement is a life transition that can create challenges and newfound 
opportunities alike. A major opportunity is the ability to travel or pick up leisure-related 
hobbies. In regard to physical activity, many working people attribute their lack of 
physical activity to the demands of their daily job commitments27. A follow-up study 
using the Helsinki Health Study, investigated whether the transition to retirement in old-
age (60-68 years old) retirement affects the opportunity for participating in leisure related 
physical activity27. Researchers found that these older-age retirees increased their 
physical activity. Women were found to increase their leisure-related physical activity by 
31 minutes per week while men increased their physical activity by 42 minutes per week. 
The observation that individuals increase physical activity during the transition to 
retirement is not consistent in all studies. 
Despite numerous health benefits, many retired adults do not participate in regular 
physical activity. A 13-year prospective follow-up study on retirees, aged 40-65, found 
that after retirement, total physical activity decreased28. Part of this decrease was because 
participants no longer commuted to a job and did not compensate for that loss in physical 
activity by increasing leisure-time physical activity. In fact, participants in this study also 
reported a decrease in leisure-time physical activity after retirement. The reduction in 
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work-related transportation was not supplemented with an increase in leisure-time 
activity. 
Given the inconsistent nature of the trajectory of physical activity post-retirement, 
it is likely that there are many factors driving physical activity behavior change in this 
population. One major consideration may by the type of physical activity required by the 
job that individuals retire from. Specifically, one study found that when individuals retire 
from sedentary work, physical activity tends to increase29. It is possible that the type of 
job that individuals performed before retirement may also be associated with factors 
affecting the type of physical activity initiated post-retirement such as socioeconomic 
status. 
 
Nutrition and Depression 
Increasing research suggests that diet is an important factor that can influence the 
initiation of depression and the maintenance of depressive symptoms. Healthy foods and 
food groups such as fruits, vegetables, fish, dairy, legumes, poultry, and unprocessed 
meat have been inversely associated with the risk of depression30. 
The Mediterranean diet contains high amounts of fish, dairy, nuts, legumes, 
poultry and oil. Diverse foods and food groups are associated with a Mediterranean 
eating habit. In a Prevención con Dieta Mediterránea (PREDIMED study) randomized 
control trial, community-dwelling men and women (ages 55-80) were assigned at random 
to one of the three dietary interventions: (1) low-fat control diet, (2) Mediterranean diet 
with extra virgin olive oil, and (3) Mediterranean diet with mixed nuts30. Investigators 
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assessed the effects of the Mediterranean diet on risk of developing depression. 
Depression diagnosis was indicated by a physician or by us of antidepressant medication. 
The results indicated that the Mediterranean diet supplemented with nuts provided an 
extra benefit when compared with the control. The study results suggest that a long-term 
Mediterranean diet intervention is beneficial in the prevention of depression. 
Alternatively, unhealthy foods include high-fat dairy, processed meats, refined 
foods, and sweetened beverages, such as in a Western dietary-patterns, like the foods 
listed above, have been shown to increase risk of depression30,31. In a cohort of mid to 
older-aged Finnish men, depression risk was assessed among three dietary patterns: 
western, prudent, and mixed31. The prudent diet consists of fruits, vegetables, whole-
grain bread, poultry, low-fat cheese and fish. Using food frequency questionnaires and 
Human Population Laboratory (HPL) depression score, the cohort was assessed for 4-
years. After adjusting for age, BMI, smoking, alcohol consumption, marital status, and 
leisure-time physical activity, the prudent dietary pattern was associated with a lower 
prevalence of depression (and depressive symptoms). Conversely, the western dietary 
pattern was associated with a higher prevalence of depression31. 
Evidence from a randomized controlled trial also supports the concept that diet 
can influence depression symptoms in a population of older adults. In a study of 122 
participants, 95 participants were assigned to the dietary coaching arm32. The 
participants’ mean age was 65.6 years and mean baseline CES-D score of 21.2 ± 7.9. 
After completing 6-8 sessions (30 minute each over a 6-12 week period and periodic 
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annual sessions) CES-D was assessed. Those in the dietary coaching arm experienced a 
40-50% improvement in depression symptoms.  
 
Protein and Depression  
Multiple studies above have shown the association between a healthy and 
balanced dietary pattern (i.e. Mediterranean diet) with decreasing depressive symptoms. 
Protein is a macronutrient associated with a well-balanced diet and insufficient amounts 
of protein are associated with depression34. By consuming protein, and its structural 
component amino acids, individuals ensure to maintain the function and integrity of their 
cells33. To be specific, brain cells, require amino acids for neurotransmitter synthesis33. 
For example, the amino acid, tryptophan, is a precursor of serotonin which is an 
important mood regulating hormone34,35.  
The association between tryptophan consumption and risk of depression was 
assessed in 29,687 adults through the National Health and Nutrition Examination Survey 
(NHANES III) study from 2001-201235. The participants intake was collected from a 24-
hour recall interview, then tryptophan intakes were estimated using the USA National 
Nutrient Database for Standard Reference (SR). Depression was assessed using a Patient 
Health Question (PHQ-9). The study found that increasing tryptophan intake was 







The Framingham Heart Study is a prospective epidemiological study enrolling 
residents of Framingham, Massachusetts beginning in 194836. The Framingham 
Offspring study is a second prospective study comprised of offspring from the original 
cohort and spouses of those offspring, which began recruitment in 197137. Within the 
offspring study, there have been nine examinations, separated by an average four-year 
period between examinations. 
 In our main analyses, we included participants who attended sixth (1995-1998) 
examination of Framingham Offspring Cohort study (n=3181). Additionally, participants 
who had missing physical activity data at exam 6 were excluded from the analysis 
(n=2637). Those with missing or incomplete CES-D data at the sixth examination were 
excluded from analysis (n=2372). Our remaining sample for the main analysis included 
2327 participants after excluding those with missing covariate data. 
 We also conducted a sub-analysis, using data from participants that attended both 
the fifth and sixth examinations (N=2020). In the sub-analysis, assessing occupation 
transitions, participants who had missing physical activity data at exam 5 or exam 6 were 
excluded from the analysis. 
 
Physical Activity Assessment: 
Physical activity was assessed at the fifth and sixth examination using a 
questionnaire, developed by the Framingham Heart Study for physical activity 
surveillance, which included self-reporting the amount of city blocks they walked per 
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day. During the examination, participants were notified that 12 city blocks are equivalent 
to 1 mile (or 1609.3 meters). Participants recorded a range of 0 to 360 blocks walked (per 
day) between both exams. Walking over 100 blocks (or 8.3 miles) per day was 
considered an outlier and thus those walking over 100 blocks (or 8.3 miles) was set as 
missing and excluded from the analysis.  
A dichotomous physical activity variable, inactive or active, was created from the 
continuous variable of blocks walked per day. The new variable is broken up into two 
different categories: inactive (0-4 blocks, 0-0.33 miles) or active (5-100 blocks, 0.42-8.33 
miles). Sensitivity analyses were carried out using further categorized blocks walked. The 
three categories of physical activity include low (0-4 blocks, 0-0.33 miles), moderate (5-
19 blocks, 0.42-1.58 miles), and (20-100 blocks, 1.67-8.33 miles). About one-third of the 
participants are in each category of blocks walked.  
 
Depression Assessment: 
Depression status was assessed through the CES-D scale. The scale is a brief self-
reported 20-question test designed to measure symptoms associated with depression 
experienced in the past week38. Response options for each question range from 0 (rarely), 
1 (some),  2 (occasionally) to 3 (most)38. The total sum ranges from 0-60. Those scoring a 
total of 16 points or above are considered to be depressed38. Thus, depression was 
assessed continuously as depression score means and dichotomously (yes or no). “Yes” 
or categorized as having depression included scoring 16 or above on the CES-D scale. 
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“No” or categorized as not having depression included scoring below 16 on the CES-D 
scale. Participants must answer all twenty questions to be included in the analysis.  
 
Retirement Assessment: 
 Occupational status was assessed categorically at Exam 6. Participants were 
categorized into three groups based on their occupational status. Categories include 
unemployed and/or homemakers, retired, or employed. Specific occupations were not 
important in this analysis; therefore, all occupations were combined together into one 
category called “employed.” 
 A second analysis was performed assessing the transition from the working in the 
workforce at Exam 5 to retirement at Exam 6. Other transitional combinations were 
assessed including:  
 a) Employed at exam 5 and remaining employed at Exam 6; 
b) Employed at exam 5 to unemployed/homemaker at exam 6; 
c) Employed at exam 5 to retired at Exam 6; 
d) Unemployed/homemaker at exam 5 and remaining unemployed/homemaker at 
Exam 6 or Retired at exam 5 and remaining retired at Exam 6. 
Those individuals who were unemployed/homemakers or retired at exam 5 and 







Percent protein intake was assessed using a food frequency questionnaire (FFQ) 
developed by Framingham Heart Study at exam 6. The total protein intake was measured 
in grams and represented as a percent of total calories consumed. Total protein was 
multiplied by 4 and then divided by the total calories consumed in kcal and multiplied by 
100%. The final calculation looks as follows: [(NUT_ProtEx6*4)/NUT_CalorEx6]*100. 
The percent protein intake was split at the median as a binary variable: lower percent 




The present study assessed covariates such as age, sex, body mass index (BMI), 
employment status, marital status, current cigarette smoking, treatment of hypertension, 
diabetic status, and CVD prevalence mentioned below (Table 2). Age (years) and BMI 
(kg/m2) are continuous variables. Sex, cigarette smoking, treatment of hypertension, 
diabetic status and CVD prevalence are dichotomous variables. Employment status, 
occupational status and marital status are categorical variables. Employment status was 
categorized into three groups: employed, retired, unemployed/homemaker. Marital status 















Number of city blocks walked each day (exam 5) 
Number of city blocks walked each day (exam 6) 





Categorized into 3 groups: 
1. Low Blocks Walked (0-4 blocks) 
2. Moderate Blocks Walked (5-19 blocks) 
3. High Blocks Walked (20-100 blocks) 
 
F151 (CESD01_6) CES-D: Bothered by things 
Score 0= rarely (less than 1 day); 1=some (1-2 
days); 2=occasionally (3-4 days); 3=most (5-7 
days) 
F152 (CESD02_6) CES-D: Did not feel like eating 
Score 0= rarely (less than 1 day); 1=some (1-2 
days); 2=occasionally (3-4 days); 3=most (5-7 
days) 
F153 (CESD03_6) CES-D: Could not shake off the blues 
Score 0= rarely (less than 1 day); 1=some (1-2 
days); 2=occasionally (3-4 days); 3=most (5-7 
days) 
F154 (CESD04_6) CES-D: Just as good as other people 
Score 3= rarely (less than 1 day); 2=some (1-2 
days); 1=occasionally (3-4 days); 0=most (5-7 
days) 
F155(CESD05_6) CES-D: Trouble keeping mind focused 
Score 0= rarely (less than 1 day); 1=some (1-2 
days); 2=occasionally (3-4 days); 3=most (5-7 
days) 
F156 (CESD06_6) CES-D: Felt depressed 
Score 0= rarely (less than 1 day); 1=some (1-2 
days); 2=occasionally (3-4 days); 3=most (5-7 
days) 
F157 (CESD07_7) CES-D: Everything I did was an effort  
Score 0= rarely (less than 1 day); 1=some (1-2 
days); 2=occasionally (3-4 days); 3=most (5-7 
days) 
F158 (CESD08_6) CES-D: Felt hopeful about the future  
Score 3= rarely (less than 1 day); 2=some (1-2 




F159 (CESD09_6) CES-D: Thought my life had been a failure 
Score 0= rarely (less than 1 day); 1=some (1-2 
days); 2=occasionally (3-4 days); 3=most (5-7 
days) 
F160 (CESD10_6) CES-D: I felt fearful 
Score 0= rarely (less than 1 day); 1=some (1-2 
days); 2=occasionally (3-4 days); 3=most (5-7 
days) 
F161 (CESD11_6) CES-D: My sleep was restless 
Score 0= rarely (less than 1 day); 1=some (1-2 
days); 2=occasionally (3-4 days); 3=most (5-7 
days) 
F162 (CESD12_6) CES-D: I was happy 
Score 3= rarely (less than 1 day); 2=some (1-2 
days); 1=occasionally (3-4 days); 0=most (5-7 
days) 
F163 (CESD13_6) CES-D: I talked less than usual 
Score 0= rarely (less than 1 day); 1=some (1-2 
days); 2=occasionally (3-4 days); 3=most (5-7 
days) 
F164 (CESD14_6) CES-D: I felt lonely 
Score 0= rarely (less than 1 day); 1=some (1-2 
days); 2=occasionally (3-4 days); 3=most (5-7 
days) 
F165 (CESD15_6) CES-D: People were unfriendly 
Score 0= rarely (less than 1 day); 1=some (1-2 
days); 2=occasionally (3-4 days); 3=most (5-7 
days) 
F166 (CESD16_6) CES-D: I enjoyed life  
Score 3= rarely (less than 1 day); 2=some (1-2 
days); 1=occasionally (3-4 days); 0=most (5-7 
days) 
F167 (CESD17_6) CES-D: I had crying spells 
Score 0= rarely (less than 1 day); 1=some (1-2 
days); 2=occasionally (3-4 days); 3=most (5-7 
days) 
F168 (CESD18_6) CES-D: I felt sad  
Score 0= rarely (less than 1 day); 1=some (1-2 
days); 2=occasionally (3-4 days); 3=most (5-7 
days) 
F169 (CESD19_6) CES-D: I felt people disliked me 
Score 0= rarely (less than 1 day); 1=some (1-2 




F170 (CESD20_6) CES-D: I could not ‘get going’ 
Score 0= rarely (less than 1 day); 1=some (1-2 














































Sex of patient  
Categorized by 1=Male or 2=Female 
AGE6 Age  
F719 (BMI6) Body Mass Index (kg/m2) 
 
BMI6CAT* 
Body Mass Index (kg/m2) 
Categorized into 3: 1=under/normal weight (<25); 
2=overweight (25-29.9); 3=obese (30 and above) 
BMI6STRAT* Body Mass Index (kg/m2) 
Categorized into 4: 0= underweight (<18.5); 1=normal 
weight (18.5-24.9); 2=overweight (25-29.9); 3=obese 
(30 and above) 
F089 
(EMPLOYMENT6CAT) 
Are you employed now? 




What is your occupation now (exam 5 and 6 
respectively)? Categorized into 3: 





Categorized into 3: 
0=Transitioned from employment (exam 5) to 
unemployment/homemaker (exam 6) 
1=Transitioned from employment (exam 5) to 
retirement (exam 6) 
2=Remained employed (exam 5 to exam 6) 





Categorized into 5: 1=single; 2=married; 3=widowed; 
4=divorced; 5=separated 
F288 (CIGYEAR6) Smoked cigarettes regularly in the last year? 
Categorized by 0=No or 1=Yes 
# (RXHYPER6) Currently receiving treatment for hypertension 
Categorized into: 0=No; 1=Yes 
DIAB6 Diabetic status 
Categorized into: 0=No; 1=Yes 
CVDPREV* Prevalent CVD 
Categorized into: 0=No; 1=Yes 
*Variable created for analysis 
The first letter/number combination is the original variable name. If the variable 

























Figure 3. Flow chart for the primary cross-sectional analysis of blocks walked and 


















Figure 4 Flow chart for the secondary cross-sectional analysis of blocks walked and 













Proportions, means with standard deviations (SD), and medians with interquartile 
regions (IQR) for baseline variables were calculated for descriptive purposes. Means with 
standard deviations were used to analyze normally distributed data such as age (years). 
Medians with interquartile regions were used to analyze non-normally distributed data 
such as body mass index (kg/m2). Proportions were used for the remaining dichotomous 
and categorical variables such as sex (male, female), employment status (not employed, 
employed part-time, employed full-time), occupational status (employed, retired, 
unemployed/homemaker), marital status (single, married, widowed, divorced, separated), 
cigarette smokers (no, yes), treatment of hypertension (no, yes), diabetic status (no, yes), 
and CVD prevalence (no, yes). Means (SD), median (IQR) and numbers (%) of 
covariates were compared between categories of blocks walked using t-tests for 
continuous variables and X2 for categorial variables. 
Linear and logistic regression models were used to assess the relationship 
between physical activity (independent variable) and depression (dependent variable). To 
assess confounding, we determined which factors confounded the relationship between 
physical activity and depression where the effect estimate was changed by ~10% or more. 
Although age and sex did not change the effect estimate by 10%, they were determined 
potential confounders. Our final model included adjustment for age, sex, and BMI. 
Additional secondary analyses were performed such as stratification by sex, stratification 
by BMI, and percent protein intake to assess effect modification by these factors. 
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Occupational analysis include stratification by occupation status, and stratification by 
transitional occupation statuses.  
Adjusted means and p-values were calculated from linear regression modeling 
assessing the outcome, CES-D score, as a continuous variable. Odds ratio (OR) and 95% 
confidence intervals (95% CI) were calculated from logistic regression modeling 
assessing the outcome, CES-D score, as a categorical variable (not depressed, or 
depressed). Depending on the model, either low physical activity (low blocks walked, 0-4 
blocks) or inactive (0-4 blocks) was the reference group. Statistical significance was 
conducted using a 95% confidence interval and a p-value of 0.05. All analyses were 

























The characteristics of 2,327 participants with an average age of 58.5 ± 9.6 during 
the sixth examination are presented in Table 3. Inactive participants were relatively older 
(59.4 ± 9.8 years), had a slightly higher median BMI (27.8 kg/m2) and were more often 
female (53.2%). Active people were relatively younger (57.9 ± 9.9 years), had a slightly 
lower median BMI (27.0 kg/m2), and were more often male (51.1%). However, in all 
categories the majority of participants were non-smokers, not receiving treatment for 
hypertension, non-diabetic, and had no prevalent CVD. With regards to depression score 
and status, inactive participants had a significantly (p=0.0011) higher depression score 
(15.6 ± 5.0) than active participants (14.8 ± 4.3). 
Among these eligible participants, 31% of participants (726 of 2327) were 
categorized as depressed based on the CES-D scale classifications and are presented in 
Table 4. Of the depressed participants, individuals were predominantly female (61.6%), 
were younger (56.8 ± 9.9 years), and more likely to be smokers. It is notable that there 
was no difference in BMI between participants who were depressed and those that were 






















Male, N (%)  












59.4 ± 9.8 57.9 ± 9.9 0.0007 
Body Mass Index, kg/m2* 
 
27.8 (6.9) 27.0 (5.6) <0.0001 

















































































































































All values are mean ± standard deviation except as noted, median (IQR)* 





























Table 4. Baseline characteristics at FOS exam 6 among depressed and non-depressed 













Male, N (%)  












59.2 ± 9.4 56.8 ± 9.9 <0.0001 
Body Mass Index, kg/m2* 
 
27.2 (5.8) 27.4 (6.4) 0.173 






























































































































All values are mean ± standard deviation except as noted, median (IQR)* 



















Individuals who were active (walking at least 5 blocks per day) exhibited a lower 
mean depression score (14.8 ± 0.1, p=<0.0001) than those individuals who were inactive 
(walking 4 or less blocks per day), after adjusting for age, sex and BMI (Table 5). Being 
active, was associated with a 27% lower odds of depression compared to being inactive 
(OR: 0.73; 95% CI: 0.60-0.88; p=0.0009) (Table 6).  
In a sensitivity analysis, those walking a high amount of blocks (20-100) saw a 
further decrease in mean depression score compared with those walking a moderate 
amount (5-19) of blocks and those walking a low amount of blocks (0-4) (Appendix 19). 
Similarly, walking a moderate or low amount of blocks decreased the risk of developing 
depression (Appendix 19 and 20). We chose to collapse moderate and high blocks 
categories in subsequent analysis in order to improve power.  
 
 








95% CI p-value 
Inactive (0-4 blocks) 777 2 15.6 ± 0.2 15.3-15.9  
Active (5-100 blocks) 1550 12 14.8 ± 0.1 14.6-15.1 <0.0001 
The model is adjusted for age, sex and BMI. 
 

















Inactive (0-4 blocks) 278/777 2    
Active (5-100 
blocks) 
448/1550 12 0.73 0.60-0.88 0.0009 









In the regression models above (Tables 5 and 6), we observed at the association of 
physical activity with depression score and risk of depression after adjusting for sex. The 
interaction between physical activity and sex was significant (p=<0.0001). When 
comparing men to women, in regard to physical activity, men reported higher median 
blocks walked (Table 3) and had a lower prevalence of depression compared to women 
(Table 4). Inactive men reported a mean depression score of 15.0 ± 0.2, while active men 
reported a mean depression score of 14.1 ± 0.1 (Table 7). Inactive women reported a 
mean depression score of 16.3 ± 0.3, while inactive women reported a mean depression 
score of 15.6 ± 0.2 (Table 7). When we look at depression risk, being active was 
associated with a lower odds of depression by 30% among men, but only 25% among 
women (Table 8). This difference in depression risk may be due to differing mean 
depression scores. Nonetheless, walking at least 5 blocks (regardless of sex) was 















Table 7. Adjusted means of depression score across physical activity categories among 








95% CI p-value 
Men (n=1156) 
Not Active (0-4 blocks) 








15.0 ± 0.2 








Not Active (0-4 blocks) 








16.3 ± 0.3  







The model is adjusted for age and BMI. 
 
 
Table 8. Odds ratio for risk of depression across physical activity categories among men 
and women (n=2327). 






95% CI p-value 
Men (n=1156) 
Not Active (0-4 blocks) 


















Not Active (0-4 blocks) 





























BMI stratification was performed using three categories of BMI including 
underweight and normal individuals (0-24.9), overweight individuals (25.0-29.9), and 
obese individuals (30.0 and above). We observed that inactive participants, regardless of 
BMI classification, reported similar average CES-D scores (between 15.6-15.6). In obese 
individuals, physical activity did not appear to be associated with depression score or 
status (Table 9 and 10). This suggests that there are other factors influencing depression 
score among those who are obese. 
 
Table 9. Adjusted means of depression score across physical activity categories among 








95% CI p-value 
Underweight/normal 
Inactive (0-4 blocks) 









15.6 ± 0.3  








Inactive (0-4 blocks) 








15.6 ± 0.3  








Inactive (0-4 blocks) 








15.7 ± 0.3 


















Table 10. Odds ratio for risk of depression across physical activity categories among 









95% CI p-value 
Underweight/normal 
(n=689) 
Inactive (0-4 blocks) 
























Inactive (0-4 blocks) 


















Inactive (0-4 blocks) 

































 From our sample of 2327, we excluded an additional 209 participants for our 
exploration of effect modification by protein intake due to missing FFQ data on total 
protein intake (gm). The new sample size is 2,118 eligible participants. At baseline 
inactive participants consume more of a high protein intake than active participants 
(Table 3). 
The interaction between physical activity and total protein intake was significant 
(p=<0.030) as these factors relate to depression. Among those consuming low percent 
protein intake (0.7-16.9%), the association of physical activity with depression was much 
greater. Therefore, being active was associated with a 40% lower odds of depression 
compared to being inactive among those consuming low protein (Table 12). Among those 
consuming high percent protein (16.9-32.9%), physical activity level was not associated 












Table 11. Adjusted means of depression score across physical activity categories among 








95% CI p-value 
Low % Protein (n=1059) 
Inactive (0-4 blocks) 









15.8 ± 0.2 








High % Protein (n=1059) 
Inactive (0-4 blocks) 









15.3 ± 0.3 











Table 12. Odds ratio for risk of depression across physical activity categories among 











95% CI p-value 
Low % Protein (n=1059) 
Inactive (0-4 blocks) 

















High % Protein (n=1059) 
Inactive (0-4 blocks) 




























 Within the original sample size of 2,327 eligible participants, individuals are 
categorized by occupational status including: employed, retired, 
unemployed/homemaker. As expected, retired individuals were more likely to be older 
and have a greater BMI (Table 13). Employed individuals were predominantly male, 
younger in age, and more likely to be smokers than the others. Unemployed/homemakers 
were more likely to have a lower BMI than the others. With regard to disease states, 
retired individuals had a greater percentage of individuals being diabetic, prevalent CVD, 
and receiving treatment for hypertension compared with employed and 
unemployed/homemakers. In addition, retired individuals were less likely to suffer from 
depression (Table 13).  
 Employed individuals, regardless of occupation, demonstrated no statistical 
difference in depression score between those who were inactive and those who were 
active (Table 13). Inactive retired individuals had a mean depression score of 15.6 ± 0.3, 
while active retire individuals had a mean depression score of 14.3 ± 0.2. This difference 
is statistically significant (p=0.0005). Concurrently, those active retired individuals had a 
45% lower odds of depression (Table 14). Active unemployed/homemakers also 
individuals had a lower mean depression score compared with those who are inactive 



















Male, N (%)  














53.8 ± 7.7 67.2 ± 6.4 62.2 ± 9.1 <0.0001 
Body Mass Index, 
kg/m2* 
27.3 (6.0) 27.6 (5.4) 26.2 (7.6) 0.022 










































































































































































































Table 14. Adjusted means of depression score across physical activity categories among 








95% CI p-value 
Employed (n=1399) 
Inactive (0-4 blocks) 









15.6 ± 0.2 








Inactive (0-4 blocks) 









15.6 ± 0.3 









Inactive (0-4 blocks) 












15.8 ± 0.4 













Table 15. Odds ratio for risk of depression across physical activity categories among 





Odds Ratio for 
Depression 
Score 
95% CI p-value 
Employed (n=1399) 
Inactive (0-4 blocks) 


















Inactive (0-4 blocks) 



















Inactive (0-4 blocks) 


























To further assess the association of physical activity with depression risk among 
occupational status, we assessed occupational transition from exam 5 to exam 6. This 
analysis includes a new sample size (N=2020) demonstrated in Figure 4. As expected, 
those remaining employed were youngest (57.2 years), while those remaining 
unemployed were the oldest (66.8 years). Transitioning to retirement (27.9) or remaining 
unemployed/homemaker (27.1) had greater BMIs than other categories. 
With regards to physical activity, those remaining unemployed/homemaker had 
the greatest percentage of inactive participants, where employed participants had the least 
percentage of inactive participants. Among all categories of transitional occupation, most 
participants reported walking moderate amounts of blocks except for those transitioning 
to unemployed/homemaker where most participants reported walking low blocks.  
With regards to disease status, those remaining unemployed/homemaker had 
greater percentages of hypertension and CVD prevalence. Those transitioning to 
unemployment/homemaker had greater percentages of diabetes. Those transitioning to 
unemployment/homemaker had the highest percentage of depression while those 
transitioning to retirement had the lowest percentage of depression.  
Participants remaining employed and active (15.0 ± 0.2, p=0.016) demonstrated a 
lower mean depression score than those who were inactive (15.6 ± 0.2) (Table 17). 
Although the active participants exhibited a lower depression score, there was a weak 
(not statistically significant) association between physical activity and depression status 
(OR 0.82; 95% CI: 0.63-1.06; p=0.134) (Table 18). 
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Active participants remaining unemployed/homemaker/retired saw no difference 
(not statistically significant) in the depression score compared to those who were inactive 
(Table 14).  Similarly, participants transitioning to unemployed/homemaker from the 
employment (at exam 5), saw no difference in their depression score compared to those 
who were inactive (Table 18). 
On the other hand, active participants from transitioning from employment (at 
exam 5) to retirement had a lower depression score compared to those who were inactive 
(14.1 ± 0.3 versus 16.0 ± 0.48; p=0.002) (Table 17). When compared with inactive 
participants, active participants transitioning to retirement had a 64% lower depression 
risk (OR: 0.36; 95% CI: 0.19-0.70; p=0.002) (Table 18). The transition to unemployed or 
homemaker is similar to the transition to retirement only just not significant. This could 











































Male, N (%)  












































































































































































































































































Table 17. Adjusted means of depression score across physical activity categories among 
categories of transitional occupation (n=2020). 






95% CI p-value 
Remaining employed (n=1275) 
Inactive (0-4 blocks) 








15.6 ± 0.2 










Inactive (0-4 blocks) 














16.1 ± 0.8 











Transition to retirement 
(n=219) 
Inactive (0-4 blocks) 











16.0 ± 0.5 












Inactive (0-4 blocks) 














15.2  ± 0.3 



































Table 18. Odds ratio for risk of depression across physical activity categories among 
categories of transitional occupation (n=2020). 






95% CI p-value 
Remaining employed 
(n=1375) 
Inactive (0-4 blocks) 

























Inactive (0-4 blocks) 



























Transition to retirement 
(n=219) 
Inactive (0-4 blocks) 

























Inactive (0-4 blocks) 









































Our study examined the associations of physical inactivity with depression among 
an original sample population of 2,327 men and women aged 29-85. In our investigation 
of the Framingham Offspring Cohort, we found that adults who walk moderate (5-19 
blocks) and high amounts (20-100 blocks) compared to low (0-4 blocks) amounts of 
blocks had lower mean depression scores and decrease odds of depression when adjusted 
for age, sex and BMI. Our findings were supported by previous studies suggesting that 
physical activity is an effective prevention strategy for improving mental health, 
specifically depression39. 
We found that this association of physical inactivity with depression was 
modified by a variety of factors, including occupation status. When stratifying by 
occupation, retired and unemployed/homemakers had similar mean depression scores; 
however, among retired individuals, those who were active had a lower odds of 
depression compared to those who were inactive. These observations were especially 
apparent when we examined groups of participants whose occupation status changed 
during the time between exam 5 and exam 6. Participants transitioning from being 
employed to either losing their job or retiring had similar mean depression scores around 
16, which is at the threshold for depression. When transitioning to retirement, active 
participants exhibited a 64% lower odds of depression compared to inactive participants, 




Among unemployed/homemakers, we observed similar effect size as but did not 
observe a statistically significant association between physical activity and depression, 
possibly due to low power. Physical activity was not associated with decreased 
depression scores in employed participants. This may be because employed individuals 
have higher occupation-related physical activity40. But employed individuals may also be 
protected from the potentially harmful mental health effects of physical activity. In the 
Korean Longitudinal Study of Aging (KLoSA) study, researchers found that employed 
individuals had better mental and physical health than those who were retired and 
unemployed41.  
Employed individuals not only have greater physical activity levels compared 
with those who are retired or unemployed, but they also have a larger social network. 
Being employed creates a social network between employees promoting strong social 
connections. Retirement and unemployment can lead to social isolation, especially among 
individuals who are living alone. Previous studies support the association between living 
arrangements and depression in older adults42. In the KLoSA study, investigators found 
that older participants living alone report higher levels of depressive symptoms42. 
However, regardless of living arrangements, physical inactivity was still associated with 
depressive symptoms42 and can be supported by other sudies43. 
In addition to living alone, being socially isolated can be damaging to mental 
health too23. In general, those reporting to be lonely are more likely to be depressed21. It 
is necessary to have social support systems in order cope with stressful life events. A 
study demonstrated22 that in women compared with men, having weak emotional support 
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system is more detrimental to health. While in men compared to women, having a weak 
physical support system is more detrimental to health22. Lacking social support, whether 
emotional or physical, can be due to normal aging, being less physical activity, or losing 
a significant other22.  
The relationship of physical inactivity with depression is somewhat stronger in 
men, compared to women. It might be partially due to lower overall depression scores in 
men, but also might be reflective of physical inactivity being more detrimental to mental 
health among men. Previous research supports the greater prevalence of depression in 
women than in men22. In fact, gender differences have been noted for decades5, despite a 
lack of explanatory factors. 
Another factor we observed to modify the association of physical activity with 
depression was body composition. Previous studies suggest that overweight or obesity 
was associated with depression43-45. But we observed that among individuals who were 
inactive, they had a mean depression score of 15.6 or 15.7, regardless of body 
composition. Other studies suggest that increasing physical activity among overweight 
individuals, decreases depressive symtoms46. However, more studies are needed to assess 
the mechanism between obesity and depression. 
Healthy eating habits promote a healthy body composition. Eating sufficient 
protein is part of a healthy diet. Percent protein intake may modify the association of 
physical activity with depression. Among those consuming a high protein diet, physically 
activity did not appear to be associated with depression, while among those consuming a 
low protein diet, physical activity did seem to be protective against depression score or 
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depression status. Having a higher percent protein intake in diet may be associated with 
healthy eating; therefore, physical activity might play less of a role. While having a lower 
percent intake in diet may be associated with poor diet quality; therefore, physical 
activity might play a greater role in overall mental health, specifically depression.  
Poor diet quality is linked to living arrangements in older adults. The European 
Prospective Investigation of Cancer (EPIC) assessed the relationship of living 
arrangements and social relationships with diet in 20,274 participants over the age of 50 
years old47. Researchers found that living alone was associated with low variety diets and 
low nutritional diets. Among those living alone, individuals that had no social 
interactions, had diets composed with even lower variety and quality. Frequent contact 
with others improved diets in older adults living alone47.  
 It is evident the positive impact physical activity has on depression, especially 
with regards to transitional phases. From a public health perspective, we should be 
pushing the benefits of staying active to those transitioning to retirement or 
unemployment. As previous literature has described physical activity not only increases 
mental health but physical health as well. This will help facilitate a long healthy life as 
well as health aging in our elderly.  
 
Strengths and Limitations: 
The strengths of this study include a large number of depression cases in the study 
population in the Framingham Offspring Cohort.  However, our study also had some 
limits. The primary limitation was due to the nature of the cross-sectional design where 
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both the exposure and outcome were simultaneously assessed. Second, our exposure was 
self-reported. It is possible that our physical activity measure was over-reported and 
recall bias occurred. Third, our outcome was also self-reported. Based on the literature, it 
is possible that depression outcomes were under reported. Fourth, there is limited 
generalizability across diverse populations as the FOS cohort was a small niche in 
Framingham, Massachusetts. Fifth, there is limited power among categories of 







 Our results suggest that higher physical activity is associated with a lower mean 
depression score via the CES-D scale. With regard to occupation, retirees gain the most 
benefit from being active as their mean depression score was lower as well as their odds 
of having depression. It is evident that the transition period from employment to 
retirement is important. From a public health standpoint, we should consider targeting 
people who are retired or in the transition o retirement for physical activity intervention 
to potentially improve their mental health. The present results are encouraging, but 
















95% CI p-value 
Low (0-4 blocks) 777 2 15.6 ± 0.2 15.1-15.9  
Moderate (5-19 blocks) 923 12 14.9 ± 0.2 14.6-15.2 0.001 
High (20+ blocks) 627 30 14.7 ± 0.2  14.4-15.1 0.0003 
The model is adjusted for age, sex and BMI. 
 





Odds Ratio for 
Depression 
Score 
95% CI p-value 
Low (0-4 blocks) 278/777 2    
Moderate (5-19 blocks) 264/923 12 0.72 0.58-0.89 0.002 
High (20+ blocks) 184/627 30 0.74 0.58-0.93 0.010 
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